INTRODUCTION
Plastic scintillation counters are basic detectors of particles. It is difficult to imagine an elementary parti cle or nuclear physics experiment without the use of scintillation counters. New accelerators with their increasing energy and luminosity require detectors with better resolution in energy, space, and time, and which are more reliable, easy to use, compact, inex pensive, easy to manufacture, while allowing high seg mentation and featuring long term stability of charac teristics and radiation hardness.
Scintillation counters meet these requirements to a great extent. A well developed modern technology allows most needed long scintillator strips and tiles of different shape to be produced in large amounts and at relatively low cost. Strips are produced by extrusion, and tiles are predominantly produced by injection molding. During extrusion, a reflective TiO 2 coating is applied to a strip and a co extruded hole in strip or a groove on one of its wide side are made. In tiles the groove is made when they are finished.
Signals from strips and tiles are read out by a pho todetector (PD) through wavelength shifting (WLS) fibers inserted into the grooves or holes and connected to the PD directly or through an optically clear fiber. This fiber readout system is compact and efficient because it collects more light than a system with tradi tional fish tail light guides. It also allows multianode vacuum PMTs or multipixel silicon PMTs to be used as PDs. With the latter PMTs, signals from each strip (tile) can be fed through fibers to individual pixels, which considerably decreases the number, size, and eventually cost of PDs. In addition, if necessary, the fiber system easily allows the PDs to be placed beyond the magnetic field. Operation of a scintillation counter is based on emission of light as an ionizing particle passes through the luminescent material of the counter, which is then collected, converted, and guided to the PD. The most important characteristics of a scintillation counter are light yield, light collection, time resolution, attenuation length, stability of characteristics, radiation hardness, ability to adapt the emitted light to the spectral sensitiv ity of the PD, and transmission of light to the PD.
Scintillation Counters in Modern High
Scintillation counters are reliable and efficient instruments used in many experiments [1, 2] , making them deserving of their status among detectors. They are simple to operate, can be easily calibrated and monitored using LEDs and radioactive sources, take little space in modern spectrometric facilities, and meet to a large extent the requirements on stability of characteristics and radiation hardness. They are mul tifunctional. Calorimeters, triggers, tracking, time of flight, and veto systems are only few of their fields of application.
In the first section, various uses of scintillation counters are comprehensively considered, the main properties of inorganic and organic scintillators are given, technology for production of organic plastic scintillators (OPSs) by a number of the best known manufacturers (ISMA, Kharkov, Ukraine; IHEP, Protvino, Russia; FNAL/NIICAD, Chicago, United States) is described, and the most important OPS characteristics are considered. Much attention is given to light collection using WLS fibers and fiber coupled PDs (multianode vacuum PMTs and semi conductor silicon PMTs).
The second section deals with examples of using scintillation counters in large modern detectors intended for investigations in various fields of elemen tary particle physics like the search for quarks and new particles, including the Higgs boson (D0, CDF, ATLAS, CMS), superdense states of matter (ALICE), CP violation (LHCb, KOPIO, KLOE), neutrino oscillations (MINOS, OPERA), and cosmic particles in a wide mass and energy interval, including antimat ter particles (AMS 02).
Prospects for the use of particle detectors in current and future high energy physics (HEP) experiments are closely related to development of PDs. Some of the trends in the development of the particle identification methods and the role of PDs were examined in [3] . Scintillation counters are best coupled with PDs of multipixel structure like multianode vacuum PNTs, semiconductor silicon avalanche photodiodes (APDs), and limited Geiger mode avalanche photodiodes (G APDs), whose status and prospects for the development and use are considered in the third section.
The following abbreviations are most often used in the text.
PS and PVT: polystyrene ((C 8 H 8 ) n ) and polyvinyl toluene ((C 9 H 19 ) n ), the most commonly used base materials.
FD: fluorescent dopant, PPO (2,5 diphenylox azole, C 15 H 11 NO), PTP (para terphenyl, C 18 H 14 ), and POPOP (1,4 di (5 phenyl 2 oxazolyl) benzene, C 24 H 16 N 2 O).
HF (hydroxyflavone), Y11, Y(8), K27: wavelength shifters.
WLS fiber: wavelength shifting fiber. S type/non S type WLS fibers: fibers with ori ented/uniformly distributed molecules.
APD: avalanche photodiode. HAPD: hybrid avalanche photodiode. G APD: limited Geiger mode avalanche photo diode.
SCINTILLATORS AND THEIR PROPERTIES
Main Properties of Scintillators There is a great variety of organic and inorganic scintillators with their own advantages and disadvan tages. The choice is dictated first of all by the goals set to be achieved in the experiment and by the properties of the scintillator. Scintillators mainly differ by the light yield and decay time. Inorganic scintillators fea ture high light yield and long decay time, and organic scintillators feature low light yield and short time. The main properties and uses of scintillators are reviewed in many publications [1, 2] .
Inorganic scintillators. The most commonly used inorganic scintillators are NaI(Ti), CsI(Tl), BaF 2 , BGO, PbWO 4 , and LSO:Ce.
Sodium iodide NaI(Tl) has the highest light yield (40000 photons per 1 MeV of energy loss), but it is very hygroscopic (an air tight enclosure is needed) and requires careful handling. The spectral composition of its light with a maximum at 415 nm well agrees with the spectral sensitivity of bialkaline PMTs.
Cesium iodide CsI(Tl) has high light yield, is easy to process, and is not hygroscopic. Its radiation spec trum with a maximum at 550 nm well agrees with the spectral sensitivity of silicon photodiodes.
Barium fluoride BaF 2 is the fastest among inor ganic scintillators and has two time components, one with a decay time of 0.9 ns and the other with a decay time of about 630 ns. The fast time component is excited by gamma rays and the slow one by alpha par ticles, which generally allows identification of these particles by the decay time of the PD signal. The BaF 2 radiation spectrum is characterized by two maxima, one in the ultraviolet region at about 200 nm and the other at about 320 nm.
Bismuth germanate BGO has high density and accordingly a small radiation length X 0 = 1.12 cm; it is not hygroscopic and is easy to process. Its radiation spectrum with a maximum at 480 nm corresponds to the sensitivity spectrum of photodiodes. It is highly transparent: the attenuation length is as large as 3.5 to
